16,34 The predominance of B-cell neoplasms has constantly been reported from western countries, '-20,26 ' 35 whereas T-cell malignancies have been up to 70% of lymphoproliferative malignancies in certain regions of Japan. 7, 23 Recently, the demonstration of an association be- tween a specific entity of T-cell malignancy (adult T-cell lymphoma/leukemia-ATL) and a type C retrovirus or human T-cell lymphoma/leukemia virus (HTLV) in southwest Japan has partly explained the concentration of T-cell malignancy in that region.
tween a specific entity of T-cell malignancy (adult T-cell lymphoma/leukemia-ATL) and a type C retrovirus or human T-cell lymphoma/leukemia virus (HTLV) in southwest Japan has partly explained the concentration of T-cell malignancy in that region. 83639 It is the purpose of this study to investigate the frequency of various lymphoid neoplasms in Taiwan. We completely characterized 104 consecutive cases of malignant lymphomas during a period of one year. A large panel of monoclonal and conventional antibodies were used on the cryostat sections, imprint and/or cytospin smears. Our results showed a relatively high frequency of T-cell lymphoma and a low percentage of follicular lymphoma and Hodgkin's disease in Taiwan. It was noteworthy that 5 out of the 33 peripheral T-cell lymphoma cases were found to be HTLV (ATLA) positive and 4 patients were from the same geographic area. We also noticed that the classification scheme of malignant lymphoma, using the International Working Formulation, cannot adequately reflect the characteristic clinical and complicated pathologic features of peripheral T-cell lymphomas.
Materials and Methods

Patient Specimens
One hundred four consecutive cases of malignant lymphomas were encountered during the period of November 1983 to October 1984. Representative portions of 112 surgical biopsy specimens from 103 patients were taken for routine hematoxylin and eosin (H and E) sections. surface marker analysis, imprint smears, and, in occasional cases, electron microscopy. No tissue but cytopreparation smears of pleural effusion and peripheral blood were studied on one ATL case. Slices of tissues for H and E sections were fixed in B5 solution and/or neutral buffered formalin and embedded in paraffin as in a routine process. The tissues for marker study were embedded in OCT compounds, snap-frozen in isopentane at -150 °C in liquid nitrogen, and stored at -7 0 °C. For electron microscopy, representative tissues were diced and fixed in buffered glutaraldehyde, dehydrated in alcohols, and embedded in araldite medium.
Leukemic cells from 11 patients were collected from venous blood by gradient centrifugation using Ficoll-Hypaque® (Pharmacia, Uppsala, Sweden). The harvested white blood cells then were used for marker studies.
Marker Analyses
Frozen Fresh Tissues. The frozen tissue blocks were cut on a cryostat at 4-6 ^m, briefly fixed in acetone, and then processed by the avidin-biotin complex (ABC) method 12 using a battery of conventional and monoclonal antibodies for B-cell, T-cell, histiocyte, and Hodgkin's cell associated antigens. The specificities and sources of antibodies are briefly summarized in Table 1 . Briefly, sections were incubated with primary antibodies for 30 minutes after endogenous peroxidase activity was blocked by methanol containing 0.5% hydrogen peroxide. Sections then were reacted with biotinylated horse anti-mouse Ig and avidin-biotin-peroxidase complex (ABC kit, Vector Laboratories, Burlingame, CA). The reaction complex was visualized by incubation with 0.1% diaminobenzidine solution containing 0.03% hydrogen peroxide.
Paraffin Sections. Paraffin sections were used to demonstrate cytoplasmic immunoglobulin and histiocytic enzymes including lysozyme and alpha-1-anti-chymotrypsin. The paraffin sections were deparaffinized, rehydrated, and trypsinized. A peroxidase-anti-peroxidase (PAP) method was adopted for this study as previously described. 31 Immunostains with monoclonal antibodies Leu-M1 and T200 also were performed in some cases on paraffin sections with the use of ABC method. 10 Imprint Smears. In some cases, marker analysis was done by application of the ABC method to imprint smears that usually show excellent cytomorphology. The staining is especially useful in the analysis of mixed cellularity or pleomorphic type neoplasms.
Peripheral Blood. The Ficoll-Hypaque harvested lymphocytes were adjusted to 5 X 10 6 cells/mL. Aliquots of cell suspensions containing 5 X 10 5 cells first were incubated with fluorescein-labeled goat anti-mouse IgG (Cappel Laboratories, West Chester, PA). Cells then were examined with a phase-contrast ultraviolet microscopy.
The E-rosette test was performed by incubating white blood cells with aminoethylisothiouronium bromidetreated sheep erythrocytes for two hours at 4 °C. Cytocentrifuged preparations were obtained, stained, and examined for rosette-forming cells.
Histopathologic Observations. The morphologic diagnosis of non-Hodgkin's lymphoma was based mainly on well-prepared B5-fixed H and E sections using the classification proposed by the International Working Formulation. 25 Appropriate immunologic phenotypes were
Serologic Test for Antibodies to Adult T-Cell Leukemia Virus Associated Antigen (ATLA)
. Sera obtained from patients, especially from those suspected of T-cell malignancies, were tested for the presence of antibodies to MT-1 cells by the indirect immunofluorescence method as described previously.
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Results
The results of our pathologic and immunologic studies of 104 cases of lymphoid malignancies were summarized in Table 2 .
Non-Hodgkin 's Lymphomas (90 cases)
T-Cell Malignancies (44 cases). The pathologic and immunologic subtypes of T-cell malignancies are summarized in Table 3 . They were subdivided into lymphoblastic lymphoma (11 cases) and peripheral or node-based T-cell lymphoma (33 cases) according to their histology and differential phenotypic expressions.
Eight of the 11 lymphoblastic lymphomas expressed markers similar to that of immature thymocytes (early thymic type OKT9+, T10+, T 6 -, Tl 1 -in three cases; common thymic type OK.T9-, T10+, T6+, Tl 1+, T4+, T8+, T3-in five cases). Three showed a phenotype of mature thymocytes (OKT9-, T10+, Tl 1+, T 6 -, T3+, T4+, T 8 -) . Six occurred in adolescents or young adults with characteristic mediastinal involvement in four cases. Two cases showed unusual presentation with initial involvement in the brain and breast. Histologically, seven cases belonged to the convoluted type with highly irregular nuclei, fine vesicular chromatin, and usually one inconspicuous nucleolus. Four other cases were of the nonconvoluted type with round or slightly irregular vesicular nuclei. Two cases in the nonconvoluted group express prominent nucleoli, simulating small noncleaved lym- phoma, which has been termed atypical lymphoblastic lymphoma. Mitotic figures in both groups were always frequent with an occasional starry-sky pattern, suggesting a high-grade malignancy. Thirty-three cases belonged to peripheral or node-based T-cell lymphomas, with a marker expression resembling 1 (upper, left) . Peripheral T-cell lymphoma characterized by polymorphous infiltrates including immunoblasts resembling Reed-Sternberg giant cells, atypical lymphocytes with irregular nuclei, plasma cells and reactive histiocytes. Hematoxylin and eosin (X360).
FlG. 2 (upper, right).
Peripheral T-cell lymphoma with high content of epithelioid histiocytes-Lennert's lymphoma. Hematoxylin and eosin (X360).
FlG. 3 (lower, left). Angioimmunoblastic lymphadenopathy-(AILD) like T-cell lymphoma with prominent vascular proliferation. Hematoxylin and eosin (X360).
FlG. 4 (lower, right) . Characteristic polylobated or clover-shaped leukemic lymphocytes in ATLA-positive adult T-cell lymphoma/leukemia. Modified Wright stain, sheep E-rosette (X1,200).
that of peripheral (mature) T-lymphocytes (OK.T11+, T3+, Leu-1+, T 6 -, T10-). All but two were of helper phenotype (OK.T4+, T 8 -) . A variable extent of reactive T-lymphocytes was always present, which can cause confusion in the interpretation when they reach substantial proportion. Histologically, these cases were classified as small lymphocytic (one case, splenic involvement with T-suppressor phenotype), small "cleaved" or mediumsized (8 cases), mixed cell (6 cases), large cell (3 cases), and immunoblastic (15 cases). The occasional presence of residual lymphoid follicles in some cases was a reliable sign for the identification ofT-lymphomatous infiltration, the so-called T-zone lymphoma. However, the histologic pattern of T-cell lymphoma was usually diffuse, and residual follicles may not be identified. Peripheral T-cell lymphomas were characterized by the presence of convoluted, polylobated, or pleomorphic neoplastic lymphocytes against a background rich in plasma cells, eosinophils, and histiocytes, either scattering or in aggregates. Occasionally, multinucleated ReedSternberg-(RS) like giant cells are present, which may be confused with the mixed cellularity type Hodgkin's disease (Fig. 1) . The RS-like giant cells in peripheral T-cell lymphoma were negatively stained with monoclonal antibodies Leu-M 1 and 2H9, which are known to be positive for the neoplastic RS cells in Hodgkin's disease. The mixed histologic background was most evident in the mixed type lymphoma and relatively mild in small "cleaved" or medium-sized lymphoma. A brief summary and comparison of the histopathology of peripheral T-cell lymphoma is listed in Table 3 .
Two distinct histologic subtypes of peripheral T-cell lymphoma were identified, with an unusually high content of reactive histiocytes and vascular proliferation, i.e., Lennert's lymphoma (malignant lymphoma with a high content of epithelioid cells) in two cases (Fig. 2) and angioimmunoblastic lymphadenopathy-(AILD) like T-cell lymphoma in two cases (Fig. 3) . Marker study in both cases of Lennert's lymphoma revealed T-helper phenotype. One case of AILD-like T-cell lymphoma was composed mainly of helper cells, whereas the other, mainly of T-suppressor cells.
Five of the 33 cases of peripheral T-cell lymphoma were noted to be ATLA positive as determined by serologic testing using the MT-1 cell line (Table 4) . Abnormal lymphocytes with characteristic highly lobated or clovershaped nuclei (Fig. 4) were demonstrated in the peripheral blood in three cases and polylobated or pleomorphic lymphocytes in the tissues in four cases. All cases tested were of helper phenotype. The patients with ATLA-positive lymphoma showed characteristic clinical pictures including skin eruptions in three cases, lymphadenopathy in three cases, hypercalcemia in two cases, hepatomegaly in two cases, and lytic bone lesion in one case. Two patients died within three months after the onset. Two patients are now in remission four and six months after chemotherapy, respectively. One patient showed unusual spontaneous remission eight months after onset without treatment. Four of the ATLA-positive lymphoma patients were from the northeast coast of Taiwan, I-Lan county. One patient now resides in Taipei county, after having his military service at I-Lan county for three months. The detailed clinicopathologic information of these ATLA-positive T-cell lymphoma cases will be reported elsewhere.
B-Cell Lymphomas (42 cases).
Forty-two cases belonged to B-cell lymphomas, expressing the markers of surface or cytoplasmic immunoglobulin and/or B-cell antigens as defined by monoclonal antibodies OK.B2 and OICB7. Follicular lymphomas accounted for only 11 cases (10.5%), and the others were of diffuse type (see Table 2 ). There were always scattering reactive T-cells, mostly of helper phenotype, in the background. B-cell lymphomas expressed less pleomorphic histologic pictures than the peripheral T-cell lymphomas, although two cases of Bimmunoblastic lymphoma also showed large numbers of multinucleated giant cells (Fig. 5) . The tumor cells of B- immunoblastic lymphoma were characterized by a large amount of amphophilic cytoplasm, prominent central nucleoli, frequent mitotic figures, and occasional multinucleated cells. Plasmacytoid differentiation was a necessary characteristic to identify these cases.
Unclassified Lymphomas (four cases).
Four cases showed no detectable B-, T-, or histiocytic markers, except the common leukocyte antigen (T200) and HLA-DR (la) antigen. Two of these four cases were large cell lymphomas and the other two cases were of the pleomorphic immunoblastic lymphomas.
Histiocytic Malignancies (five cases). Two of our five cases in this series were diagnosed as true histiocytic lymphoma, one occurring in the spleen and lymph nodes and the other in the brain. The tumor cells in both cases showed a low percentage of cells positive for Leu-M 1, lysozyme, and alpha 1-anti-chymotrypsin. The tumor cells were negative for all of the T-and B-cell markers. The diagnosis of true histiocytic origin later was confirmed by the positive reaction with a monoclonal antibody 2H9, which has been known to react with true histiocytic lymphoma cells. The clinical behavior was aggressive for the case involving spleen, which showed only partial response to radiotherapy and chemotherapy. Three cases were diagnosed as malignant histiocytosis, based mainly on the characteristic infiltrative pattern and a whole spectrum of mature, intermediate, and immature histiocytes with occasional erythrophagocytosis. The diagnosis of malignant histiocytosis could not be established in two cases until after a splenectomy was performed, which showed sinusoidal infiltration of neoplastic cells. One case, which occurred in a child two years of age, was diagnosed after liver, skin, and bone marrow biopsies were performed. The staining with Leu-M 1, lysozyme or alpha 1 -anti-chy-motrypsin antibodies showed variable staining, as noted in true histiocytic lymphoma, usually limited to the mature or differentiated histiocytes. The neoplastic cells of malignant histiocytosis tested in one case were negative for 2H9.
Hodgkin 's Disease (Nine Cases)
There were only nine cases of Hodgkin's disease encountered in this series (8.7%), including four cases of mixed cellularity type, two cases of nodular sclerosis type, and three cases of lymphocyte depletion type. The background lymphoid cells were of predominantly T-helper phenotype. In all the nine cases, the mononuclear variants of Reed-Stern berg giant cells and the classical binucleated and multinucleated giant cells were positive for both LeuMl and 2H9 (Fig. 6) . Monoclonal antibodies Leu-Ml and 2H9 were helpful in the differential diagnosis between Hodgkin's disease and mixed type peripheral T-cell lymphomas with RS-like giant cells.
Discussion
Our study demonstrated the usefulness of frozen sections and imprint smears in studying the immunologic phenotypes of lymphoid tumors. Immunologic typing can contribute to our understanding of the clinical behavior, prognosis, and the relative frequency of various lymphoid tumors in different geographical areas and races.
1619 ' 35 Our investigation documented a relatively high frequency of T-cell malignancy and a low percentage of follicular lymphoma and Hodgkin's disease in Taiwan. The low percentage of follicular lymphoma in Taiwan has been reported previously by Yeh 38 and further confirmed in this study. More than half of our cases belonged to the unfavorable high-risk types, requiring an intensive chemotherapy, a situation much different from western countries. '-20,26,35 Among 44 cases of T-cell malignancy, 33 cases were the so-called peripheral T-cell lymphomas. The clinicopathologic features of Chinese peripheral T-cell lymphoma were similar to those reported in western countries. 4, 24 The tumor was characterized by the pleomorphic neoplastic cells admixed with abundant reactive lymphoid cells, eosinophils, plasma cells, and histiocytes. The presence of RS-like giant cells in such a mixed histologic background can be confused with Hodgkin's disease. Our investigation demonstrated that the RS-like giant cells in peripheral T-cell lymphoma were negative for monoclonal antibodies Leu-M 1 and 2H9, whereas the true RS giant cells in Hodgkin's disease were constantly positive, as previously reported. 10 " Therefore, the application of these antibodies will be a great aid for their differential diagnosis.
Five of the 33 cases of peripheral T-cell lymphoma were noted to be ATLA positive. The ATLA-positive T-cell lymphoma presented a clinicopathologic feature resembling that of adult T-cell leukemia/lymphoma in Japan 36 as well as of the HTLV-positive T-cell lymphoma in western countries reported by Jaffe and colleagues. 14 The histopathology of ATLA-or HTLV-positive T-cell lymphoma was not much different from that in the ATLAnegative one. The presence of neoplastic lymphocytes with a clover-leaf or maple-leaf-shaped nucleus may be more suggestive of an ATLA-positive T-cell lymphoma than an ATLA-negative one. However, convoluted neoplastic lymphocytes, skin eruption and/or hypercalcemia were also noted in four cases of ATLA-negative peripheral Tcell lymphoma in our series. Therefore, the differentiation of ATLA-positive T-cell lymphoma from the ATLA-negative one was not readily apparent and should be based on serologic or virologic study. ATLA-positive T-cell lymphoma usually had a fulminant clinical course. The average survival was less than six months in Japan.
36 Two of our patients died within three months after the onset. Interestingly, one of our ATLA-positive patients had spontaneous remission.
The association of peripheral T-cell lymphoma with HTLV can partly explain the high frequency of T-cell malignancies in Taiwan and Japan. The clustering of our patients in I-Lan county may have significant epidemiologic interests. Such a cluster occurrence of ATLA-positive T-cell lymphoma has been observed in Kyushu, Japan, and in some central American countries. We currently plan to use more sensitive technics' 729 for the detection and surveillance of HTLV infection in Taiwan, particularly the I-Lan county area.
The interpretation of frozen-section immunohistologic study was problematic for the peripheral T-cell lymphoma as well as for other mixed-cell-type lymphoma.
3, 35 The diagnostic clue is to identify the stained "atypical" neoplastic lymphocytes from well-prepared and stained sections, imprint or cytospin smears. Most peripheral T-cell lymphomas were of helper phenotype. Only two cases of T-suppressor-type lymphoma were identified in our series. However, a variable degree of OKT8-positive cells was always present in peripheral T-cell lymphomas. Whether they are neoplastic or reactive was sometimes assumptive, based mainly on the predominant cell populations stained. The recent demonstration of both helper and suppressor phenotypes in a case of mycosis fungoides further necessitates the application of wide variety of technics to adequately characterize the complex peripheral T-cell lymphoma. 37 Two cases of Lennert's lymphoma in our series were of helper T-phenotype as previously reported. 2 The AILD-like T-cell lymphoma has been reported to be of T-suppressor phenotype. 30 However, the neoplastic cells in one of our two cases expressed T-helper phenotype. The leukemic evolution of this case with helper T-cell marker was confirmation of the study on lymph node 722 SU ET AL.
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tissue. The AILD-like T-cell lymphoma should be differentiated from true AILD in view of the different treatment regimens and prognosis. 521 The histopathologic change of lymphoblastic lymphoma is relatively less pleomorphic as compared with that of peripheral T-type. In our series, 11 cases of T-cell lymphoma were related to or derived from thymocytes confirmed by the marker study. The great majority of lymphoblastic lymphoma express OK.T6 and OKT10 characteristic of thymocytes. Two of our T-lymphoblastic lymphomas were initially diagnosed as small noncleaved lymphomas because of the prominent nucleoli and starrysky pattern. The Burkitt's type small noncleaved lymphoma has been constantly found to be B-cell neoplasm, 6 -22 while the non-Burkitt's group is heterogeneous. 18 Marker study is important for the differential diagnosis between the atypical lymphoblastic lymphoma and small noncleaved lymphoma, or between the convoluted T-lymphoblastic lymphoma and diffuse small cleaved B-cell lymphoma.
B-cell lymphomas, especially follicular type lymphomas, are relatively rare in oriental countries. The low frequency of follicular lymphoma may account for the high percentage of high-grade malignancy in Taiwan. The Bcell nature of these lymphomas was confirmed by the monoclonal expression of either kappa or lambda light chains and by the expression of either or both monoclonal antibodies OKB2 and OKB7. Two cases each of diffuse large cell and immunoblastic lymphoma in our series (3.8%) did not express identifiable T-, B-, or histiocyte markers. However, the B-cell nature of these four cases cannot be completely ruled out because only a limited number of B-cell antibodies was used in this study.
Hodgkin's disease is also relatively rare in Taiwan as compared with western countries. The diagnosis of Hodgkin's disease has been greatly facilitated by the use of two monoclonal antibodies, Leu-Ml and 2H9. 10 '" Leu-Ml has successfully been used in the B5-fixed paraffin sections whereas 2H9 can only be used in the frozen section materials. Among all types of lymphomas, 2H9 reacts only with the cell membrane of the neoplastic cells in Hodgkin's disease and true histiocytic lymphoma. Monoclonal antibodies 2H9 and Leu-M 1 have been known to react with interdigitating reticulum cells and histiocytes in the normal lymphoid tissue." The expression of 2H9 and LeuMl in both Hodgkin's neoplastic cells and interdigitating reticulum cells may strengthen the hypothesis that Hodgkin's neoplastic cells are related with interdigitating reticulum cells as proposed by Kadin and associates 15 and Hsu and colleagues. 13 Finally, in this study, the National Cancer Institute sponsored international multiinstitutional clinicopathologic study of non-Hodgkin's lymphoma (NCI Working Formulation) was used. 25 felt that the Working Formulation cannot adequately reflect their characteristic clinical and complex pathologic features. For example, a case of small "cleaved" lymphoma in the Working Formulation will most often be a low to intermediate grade B-cell follicular center cell lymphoma in western countries. In Taiwan and Japan, the T-cell "small cleaved" lymphomas, especially those associated with ATLV, usually show frequently mitotic figures and aggressive clinical course. The same situation exists in mixed cell type lymphomas. A mixed-cell-type T-cell lymphoma will probably be classified by some pathologists as pleomorphic lymphoma, T-zone lymphoma, or T-immunoblastic lymphoma, which usually shows high mitotic activity and represents an aggressive malignancy, while the clinical course of mixed-type B-cell lymphoma is not aggressive. The Working Formulation was proposed using the materials from the western countries where peripheral T-cell lymphomas were rare or infrequent. The classification proposed by the Japanese Lymphoma Study Group (LSG classification) 33 will be an alternative for properly classifying the complex peripheral T-cell lymphomas. New classification based on immunologic phenotype may be needed in the near future.
